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1
CONVERSION KIT FOR AUTOMATING
FOLDABLE AND UNFOLDABLE GRAIN
TANK EXTENSIONS OF AN AGRICULTURAL
COMBINE

BACKGROUND OF THE INVENTION

The present invention relates generally to a foldable and
unfoldable grain tank extension for an agricultural combine.
In particular, the present invention relates to a conversion kit
for automating foldable and unfoldable grain tank extensions
for an agricultural combine.

In the past, when it was desired to increase the capacity of
the grain tank of an agricultural harvesting machine such as a
combine, a rigid walled structure was sometimes, if not typi-
cally, affixed around an upwardly facing opening of the grain
tank so as to extend upwardly therefrom. Such known exten-
sions generally provided satisfactory grain capacity increas-
ing utility, but suffered from various shortcomings. Dueto the
increase in overall height of the combines when such struc-
tures were installed, the height of the combine often exceeded
government imposed height limitations for road travel, as a
consequence of which removal and reinstallation of such
structures was often necessary, with attendant expenditures of
time and efforts.

It was also known to provide an extendible cover for the
upwardly facing opening of a grain tank, which cover was
movable directly upwardly from the periphery of the opening
along at least two sides of the grain tank so as to expand the
grain holding capacity. However, since at least two sides of
such known devices extended only directly upwardly, and not
outwardly, from the upward opening, the increased grain
holding capacity was more limited than was desirable.

Thus, there is still a need for a conversion kit capable of
converting a manual foldable grain tank extension to an auto-
mated foldable and unfoldable grain tank extension to
address the aforementioned deficiencies of typical combines.
Such a need is satisfied by the present conversion kit for
automating foldable and unfoldable grain tank extensions for
an agricultural combine.

BRIEF SUMMARY OF THE INVENTION

In accordance with a preferred embodiment, the present
invention provides a conversion kit for automating foldable
and unfoldable grain tank extensions for an agricultural com-
bine. The conversion kit includes a first bracket assembly, a
second bracket assembly, a control actuator, and a torque rod
assembly. The first bracket assembly is attachable to a first
grain tank extension and includes a first bracket for securing
to the first grain tank extension. The second bracket assembly
is attachable to a second grain tank extension and includes a
second bracket for securing to the second grain tank exten-
sion. The control actuator extends between and is operatively
connected to the first and second bracket assemblies for mov-
ing the first and second brackets between a folded position
and an unfolded position. The torque rod assembly extends
between and is operatively connected to third and fourth grain
tank extensions. The torque rod assembly includes a torque
tube operatively connected to the control actuator to pivotally
move the third and fourth grain tank extensions between a
folded position and an unfolded position.

In accordance with another aspect of the preferred embodi-
ment, the present invention provides a conversion kit for
automating a foldable and unfoldable grain tank extension for
an agricultural combine. The conversion kit includes a first
bracket assembly, a second bracket assembly, a control actua-
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tor, and a torque rod assembly. The first bracket assembly
attaches to a first grain tank extension and includes a first
planar quadrilateral-shaped bracket for securing to the first
grain tank extension, and a first linkage for linking to the first
bracket. The second bracket assembly attaches to a second
grain tank extension and includes a second planar quadrilat-
eral-shaped bracket for securing to the second grain tank
extension, and a second linkage for linking to the second
bracket. The control actuator extends between and is opera-
tively connected to the first and second linkages for moving
the first and second brackets between a folded position and an
unfolded position. The torque rod assembly is operatively
connected to third and fourth grain tank extensions and the
control actuator. The torque rod assembly includes a torque
tube extending between the third and fourth grain tank exten-
sions, and third and fourth linkages for linking the torque tube
to the third and fourth grain tank extensions. The torque tube
is rotatable to pivotally move the third and fourth grain tank
extensions between a folded position and an unfolded posi-
tion.

In accordance with yet another aspect of the preferred
embodiment, the present invention provides an automated
unfoldable and foldable extension for increasing the grain
holding capacity of a grain tank of an agricultural combine.
The automated unfoldable and foldable extension includes a
plurality of extension panels, a first bracket assembly, a sec-
ond bracket assembly, a control actuator, and a torque rod
assembly. The plurality of extension panels is mounted for
pivotal movement about the grain tank. The first bracket
assembly attaches to a first extension panel and includes a first
planar quadrilateral-shaped bracket for securing to the first
extension panel, and a first linkage for linking to the first
planar quadrilateral-shaped bracket. The second bracket
assembly attaches to a second extension panel and includes a
second planar quadrilateral-shaped bracket for securing to the
second extension panel, and a second linkage for linking to
the second planar quadrilateral-shaped bracket. The control
actuator extends between and is operatively connected to the
first and second linkages for moving the first and second
planar quadrilateral-shaped brackets between a folded posi-
tion and an unfolded position. The torque rod assembly is
operatively connected to third and fourth extension panels
and the control actuator. The torque rod assembly includes a
torque tube extending between the third and fourth grain tank
extensions, and third and fourth linkages for linking the
torque tube to the third and fourth extension panels. The
torque tube is rotatable to pivotally move the third and fourth
extension panels between a folded position and an unfolded
position.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of a preferred embodiment of the present inven-
tion will be better understood when read in conjunction with
the appended drawings. For the purpose of illustrating the
invention, there are shown in the drawings an embodiment
which is presently preferred. It should be understood, how-
ever, that the invention is not limited to the precise arrange-
ments and instrumentalities shown.

In the drawings:

FIG. 1is a simplified side view of a representative agricul-
tural combine including a grain tank having a foldable exten-
sion according to the present invention, with such extension
shown in a deployed or unfolded position;
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FIG. 2 is simplified fragmentary front view of the foldable
extension of FIG. 1;

FIG. 3 is simplified fragmentary top view of the foldable
extension of FIG. 1;

FIG. 4 is simplified fragmentary rear view of the foldable
extension of FIG. 1;

FIG. 5A is a simplified perspective view of the foldable
extension of FIG. 4 with portions of a grain tank shown;

FIG. 5B is another simplified perspective view of the fold-
able extension of FIG. 4;

FIG. 6 is a simplified fragmentary perspective view of the
foldable extension of FIG. 4 in a partially unfolded position;

FIG. 7 is a simplified fragmentary rear view of the foldable
extension of FIG. 4 in a partially unfolded position;

FIG. 8 is another simplified fragmentary perspective view
of the foldable extension of FIG. 4 in a partially unfolded
position;

FIG. 9 is yet another simplified fragmentary perspective
view of the foldable extension of FIG. 4 in a partially
unfolded position;

FIG. 10 is another simplified fragmentary rear view of the
foldable extension of FIG. 4 in a partially unfolded position;

FIG. 11 is a simplified fragmentary front perspective view
of the foldable extension of FIG. 4 in a partially unfolded
position;

FIG. 12 is a fragmentary perspective view of the foldable
extension of FIG. 4 in a fully unfolded position;

FIG. 13 is a simplified fragmentary rear elevation view of
the foldable extension of FIG. 4 in a fully unfolded position;
and

FIG. 14 is atop plan view of the foldable extension of FIG.
4 in a fully unfolded position.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to a preferred
embodiment of the present invention illustrated in the accom-
panying drawings. Wherever possible, the same or like refer-
ence numbers will be used throughout the drawings to refer to
the same or like features. It should be noted that the drawings
are in simplified form and are not drawn to precise scale. In
reference to the disclosure herein, for purposes of conve-
nience and clarity only, directional terms such as top, bottom,
above, below and diagonal, are used with respect to the
accompanying drawings. Such directional terms used in con-
junction with the following description of the drawings
should not be construed to limit the scope of the invention in
any manner not explicitly set forth. Additionally, the term “a,”
as used in the specification, means “at least one.” The termi-
nology includes the words above specifically mentioned,
derivatives thereof, and words of similar import.

The terms “grain” and “crop material” are used throughout
the specification for convenience and it should be understood
that these terms are not intended to be limiting. Thus, “grain”
refers to that part of a crop which is harvested and separated
from discardable portions of the crop material.

Referring now to the drawings, wherein like numbers refer
to like items, FIGS. 1 and 2 depict a representative self-
propelled agricultural combine harvesting machine 10,
including an apparatus for harvesting, cleaning and convey-
ing clean grain, such as, but not limited to, corn, wheat, or
soybeans, to a grain tank 12 located atop machine 10. Grain
tank 12 includes a plurality of upstanding, angularly related
walls, including a forward wall 14, a rear wall 16 opposite
forward wall 14, and opposed side walls 18 and 20 (FIG. 2)
extending between forward and rear walls 14 and 16. Refer-
ring to FIG. 3, walls 14, 16, 18 and 20 define a rectangular
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shaped receptacle 22, the side-to-side dimensions of which
are typically greater than the front to back dimensions, for
receiving and holding grain harvested by the combine 10.
Walls 14, 16, 18, and 20 additionally include a substantially
continuous, rectangular upper edge 24 (FIGS. 1 and 2) defin-
ing an upper end of receptacle 22 and an upwardly facing
rectangular opening 26 (FIG. 3) corresponding at least gen-
erally in horizontal extent to receptacle 22.

Upper edge 24 typically represents the highest or one of the
highest points on the combine 10 relative to a surface 28 (FI1G.
1) such as the ground or a road surface on which the combine
10 is located. This height is typically limited to a maximum
value as dictated by a governmental entity for safe passage on
public roads, under bridges and/or utility wires. However,
such a maximum height poses a difficulty insofar as it thus
limits the height and, thus, the grain holding capacity of the
grain tank 12.

As a result, a problem that can arise, particularly when
harvesting operations are being carried out in very large
fields, is that, in the absence of an extension, the grain tank 12
may fill to its capacity before a section of a crop field being
harvested has been completed, or when the combine 10 is at
a location within a field far from a grain truck or wagon into
which the grain is to be unloaded, such that the harvesting
operations must be undesirably interrupted, for a longer than
desired time, for the unloading of the grain tank, which
actions may require significant time expenditures to drive the
combine 10 to the unloading location, to unload it, and to then
return it to the harvesting location. However, if a rigid, fixed
extension is placed about upper edge 24 to expand the capac-
ity of a grain tank 12, thereby minimizing to some extent the
down time that would otherwise be associated with more
frequent interruptions for unloading of the grain tank, and if
such extension causes the overall height of the combine 10
with the mounted, fixed extension to exceed the maximum
lawful height, the extension must be removed for legal pas-
sage of the combine 10 over public roads, which removal
operation can be time consuming. Even if the combine 10 is
not operated on public roads, such extension, because of the
increase in height that results from the use thereof, may
extend to such an extent that it undesirably contacts low
hanging tree limbs and is damaged by such contact or causes
damage to such limbs themselves.

To avoid the above-discussed problems, grain tank 12 of
harvesting machine 10 includes a foldable extension 30 con-
structed and operable according to the teachings of the
present invention. Extension 30 is foldable between a
deployed or unfolded position (FIGS. 1-3, 13 and 14) extend-
ing upwardly and outwardly from grain tank 12 for substan-
tially increasing the grain holding capacity thereof, and a
folded or closed or stored position (FIGS. 4 and 5A) so as to
be more easily capable of meeting overall height limitations
of'the combine 10 for travel over public roads and the like.

With reference most particularly to FIG. 5B, foldable
extension 30 includes a forward or front extension panel 32
preferably of substantially rigid material such as sheet metal,
plastic, or any other suitable material for the present applica-
tion. Panel 32 has a generally horizontal lower edge portion
positioned generally along that portion of upper edge 24
extending along forward wall 14, defined as the forward wall
edge, and is connected to the grain tank 12, such as by a pivot
assembly or joint 34, to be rotatable about an axis of rotation
generally along or adjacent to such forward wall edge. Pivot
assembly or joint 34 can take many suitable forms, including
a rotatable shaft or tube operatively associated with or con-
nected to the panel 32, or any suitable hinge or hinge-type
device, such as a plastic living hinge, a piano hinge, multiple
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hinges, or other suitable hinging or pivoting elements, oper-
able to enable pivotal movement of panel 32 between a
deployed position (FIGS. 1-3) in which such panel 32 is
oriented at an obtuse, interior angle to horizontal, denoted by
angle A in FIG. 1, and a folded position as generally shown in
FIGS. 4-5B, discussed hereinafter.

Foldable extension 30 also includes a rear extension panel
38 located opposite front panel 32, which rear panel 38 is
preferably likewise constructed of a substantially rigid mate-
rial such as a metal or plastic, and having a lower edge portion
positioned generally along that portion of upper edge 24
extending along rear wall 16, defined as the rear wall edge,
and is connected to the grain tank 12, such as by a pivot
assembly or joint 40, to be rotatable about an axis of rotation
generally along or adjacent to such rear wall edge. As with
pivot assembly or joint 34, pivot assembly or joint 40 can take
many suitable forms operable to enable pivotal movement of
panel 38 between a deployed position (FIGS. 1-3) in which
such panel 38 is oriented at an obtuse, interior angle to hori-
zontal, similar to, but not necessarily the same as, that denoted
by angle A in FIG. 1, and a folded position as generally shown
in FIGS. 4-5B, discussed hereinafter.

With reference now, also, to FIG. 3, left and right extension
panels 42, 44, which are also preferably constructed of a
substantially rigid sheet metal or plastic material, are located
between front and rear extension panels 32 and 38 along
opposite sides of grain tank 12, above side walls 18 and 20,
respectively, and have lower edge portions positioned gener-
ally along those portions of upper edge 24 extending along
left and right walls 18 and 20, defined as left and right wall
edges, respectively, and are connected to the grain tank 12,
such as by a pivot assemblies or joints 46 and 48 (FIG. 2), to
be rotatable about respective axes of rotation generally along
or adjacent to such left and right wall edges. As with pivot
assemblies or joints 34 and 40, pivot assemblies or joints 46
and 48 can take many suitable forms operable to enable
pivotal movement of panel 42, 44 between a deployed posi-
tion (FIGS. 1-3) in which such panels 42 and 44 are oriented
at obtuse, interior angles to horizontal, similar to, but not
necessarily the same as, that denoted by angle A in FIG. 1, and
afolded position as generally shown in FIGS. 4-5B, discussed
hereinafter.

For purposes of further discussion herein, references to
inner edges or inner portions or the like of extension panels
are intended to refer to those edges or portions of the panels
that are closer to the top of the grain tank 12 when extension
30 is unfolded and references to outer edges or outer portions
or the like of extension panels are intended to refer to those
edges or portions of the panels that are farther from the top of
the grain tank 12 when extension 30 is unfolded. In general,
each of the extension panels 32, 38, 42 and 44, are operably
pivotally connected along, near, or at their inner edges or
sides to the grain tank 12, generally along, at, or near upper
edges thereof.

Similarly, references to inner surfaces of extension panels
are intended to refer to those surfaces that are closer to the top
of the grain tank 12, and facing generally inwardly towards
the grain tank 12, when extension 30 is folded and references
to outer surfaces of extension panels are intended to refer to
those surfaces that are farther from the top of the grain tank
12, and facing generally outwardly from the grain tank 12,
when extension 30 is folded.

Foldable extension 30 further includes a plurality of pliable
corner pieces or panels 50 (FIGS. 3, 13 and 14) that extend
between and enclose, respectively, corner gaps located
between the adjacent panels 32, 38, 42 and 44. As shown in
FIG. 3, representative corner panels 50 extend between panel
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38 and panels 42 and 44. Similar corner panels would be
employed to close the corner gaps between the adjacent pan-
els 32,42 and 44. As will be appreciated from U.S. Pat. No.
6,679,772, the entire disclosure of which is incorporated by
reference herein, the configurations of the lateral side por-
tions of the panels 32, 38, 42 and 44 and of the corner panels
50 and their points of connection to such panels 32, 38,42 and
44 may vary from the particular configuration depicted in
FIG. 3, and such corner panels may take various forms and be
constructed of various materials and include various features
to facilitate the folding and unfolding of the extension 30. The
corner panels 50 of FIG. 3 are connected to panels 32, 38, 42
and 44 at locations generally along or near the lateral side
portions thereof at locations such that, as extension 30 is
unfolded, corner panels 50 stretch or fan or expand to extend
between extension panels 32, 38, 42 and 44 to effectively seal
the corner gaps between such panels when extension 30 is
unfolded into its unfolded or deployed position and such that,
as extension 30 is folded, corner panels 50 compress or fold or
contract to permit an ordered folding of the extension panels
into a stacked arrangement, as will be further discussed here-
inafter.

As has been previously noted, FIG. 4 depicts the extension
30 in its folded position, when viewed from the rear, with the
extension panels 32, 38, 42 and 44 disposed in a stacked,
overlaying arrangement. For purposes of clarity, including in
the depiction and discussion of the operation of the linkage
system for the extension 30, the corner pieces 50 and the grain
tank 12 are not shown in the figure and in many of the other
drawing figures herewith. F1IG. 5A is a perspective view of the
components of FIG. 4 and FIG. 6is a perspective view of such
components with panels in a partially unfolded state. FIGS.
7-9 are illustrations of the components of FIG. 4 with the left
extension 42 in a fully and partially unfolded state and FIGS.
10 and 11 illustrate components of FIG. 4 with the all panels
in a partially unfolded state. FIGS. 12-14 show the extension
30 is a fully unfolded state.

In FIGS. 4, 5A and 5B, the front and rear extension panels
32 and 38 are shown in their folded positions, lying generally
in the same horizontal plane, extending across the upwardly
facing opening 26 of grain tank 12 to each partially overlay
such opening 26. When the extension 30 is folded, left and
right extension panels 42 and 44 are disposed to be at least
generally horizontal and to at least roughly define a horizontal
plane, generally parallel to the plane in which front and rear
extension panels 32 and 38 are disposed, and to overlay, in a
crossways stacking arrangement, with left and right extension
panels 42 and 44 such that all extension panels in a folded
state substantially form a cover over the top of the upwardly
facing opening 26 of the grain tank 12.

It should be appreciated and understood, however, that, in
some embodiments, the left and right extension panels 42 and
44 may be designed to lie in planes that are slightly canted
relative to one another, rather than in the same plane, in order
to permit or provide a shingling effect, with an outer portion
of the left extension panel 42 slightly overlapping the outer
portion of the right extension panel 44 (not shown). Depend-
ing upon constructional details or desires of manufacturers or
users, the outer portions of such left and right extension
panels 42 and 44 could therefore be configured to have
complementarily reduced thicknesses to accommodate such
shingling and a suitable engagement between such extension
panels 42 and 44 when the extension 30 is folded and to
ensure better mating therebetween and a better covering of
the upwardly facing opening 26 of the grain tank 12. For
purposes of further discussion herein, even though the left and
right extension panels 42 and 44 may thus lie in planes
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slightly canted to one another when the extension 30 is
closed, such extension panels should still be considered to lie
in generally the same plane.

A preferred embodiment of a conversion kit 100 of the
present invention for converting the manually folded and
unfolded extension 30 to be an automated folding and unfold-
ing extension 30, and the operation thereof, is best illustrated
in FIGS. 4-14. The conversion kit 100 includes a first bracket
assembly 102, a second bracket assembly 104, a control
actuator 106 and a torque rod assembly 108.

The conversion kit 100, in general, is attachable to the
extension 30 and operable within the desired geometry to
provide proper weight and balance to the extension 30 and to
effect the unfolding and folding of extension 30 in an ordered
manner. In such regard, the conversion kit 100 when
assembled to the extension 30 and combine 10 is generally
operable to unfold extension 30 from its folded position, as
depicted in FIGS. 4 and 5A, by, initially, pivotally rotating left
extension panel 42 about a generally horizontal axis of rota-
tion 72 (FIG. 5B) along or near the top of the grain tank 12,
typically through an angle greater than 90°, and often of
approximately 140°, to a stop position, with the rotation of the
left panel 42 about the axis of rotation 72 typically being
limited by both the linkage and a positive stop at or near the
front of the grain tank 12. The right extension panel 44 and the
front and rear extension panels 32 and 38 are similarly caused
to pivotally rotate about respective axes of rotation 74, 76 and
78 (FIG. 5B) along or near the top of the grain tank 12, also
typically through an angle greater than 90°, and often of
approximately 140°, to their unfolded positions. As such
unfolding occurs, once the front and rear extension panels 32
and 38 have unfolded sufficiently, bubbler auger 80 (FIGS.
5B and 6) within the grain tank 12 is inclined to elevate the
distal end 82 of such bubbler auger 80 within the grain tank 12
for the improved movement of grain within the grain tank 12.
Folding of the extension 30 under control of the conversion
kit 100 is effected by a reversal of such operations.

In the preferred embodiment depicted in FIGS. 3-14 the
front and rear extension panels 32 and 38 are configured to
generally be mirror image constructions of one another, each
of'which has an outer surface 84, an inner surface 86, and a lip
portion 88 at its outer edge. As is shown in somewhat more
detail in FIGS. 3, 6 and 9-12, front and rear extension panels
32 and 38 preferably include U-shaped brackets 110 extend-
ing along the inner surfaces 86 thereof from the lip portions
88 of such extension panels 32 and 38 to, and slightly beyond,
the inner sides 112 (FIG. 9), with projecting portions 114 at
the inner sides 112 forming part of the pivot assemblies 34
and 40 (FIG. 1) for mating such extension panels 32 and 38
with the grain tank 12. Such brackets 110 help strengthen the
extension panels 32 and 38. Associated with one of such
brackets 110 of each of the front and rear extension panels 32
and 38 are pin members 116 (FIG. 10) that extend laterally
across the bracket 110 at an intermediate location, the pur-
pose of which will be further addressed hereinafter. A kick
shield 118 (FIG. 9) is preferably provided on the outer surface
84 of each of the front and rear extension panels 32 along the
inner side 112 thereof'to provide a resilient spacer upon which
the left and right extension panels 42 and 44 may rest when
extension 30 is folded, as in FIGS. 4 and 5A, and to act as a
cushioning member when the extension 30 is unfolded and
such kick shield is moved to come into contact with upper
edges or portions of the grain tank 12. For purposes of clarity
and simplicity of drawing, in many of the drawings hereof,
kick shield 118 is not separately depicted but is considered to
be part of upper surface of front and rear extension panels 32
and 38.
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The control actuator, such as linear actuator 106 (FIG. 5B),
is mounted behind the rear of the grain tank 12, and outside
the grain tank 12 to control the folding and unfolding opera-
tions. In the depicted embodiment, such linear actuator 106 is
ormay include a hydraulic cylinder or an electrically powered
linear actuator, and is so located, along with its associated
wiring and connections, external to the grain tank 12 in order
to make such construction readily accessible for easy servic-
ing thereof even when the grain tank 12 is filled. It should be
appreciated, however, that many alternative forms of control
actuators could be equally as well be employed to achieve
desired results, and that a linear actuator of the type herein
described is but one of many possible embodiments that
would be acceptable.

Referring to FIG. 5B, in the depicted conversion kit 100
such first bracket assembly 102 includes, or has associated
therewith, at one end thereof, a first linkage 120 that includes
a first control extension or rod 122, sometimes also referred to
as the left control rod, which may preferably be physically
adjustable to a desired, fixed length, operable to control the
various linkage system components or linkages associated
with left external panel 42, as well as, at the other end thereof,
a second bracket assembly 104 that includes a second linkage
124 having a second control extension or rod 126 sometimes
referred to as the right control rod, operable to control the
various linkage system components or linkages associated
with the right, front, and rear extension panels 44, 32 and 38
as well as the various linkage system components or linkages
for positioning the bubbler auger 80 within the grain tank 12.

Left control rod 122 is operatively connected to a drive side
128 of a centrally mounted pivot member 130 that has an
opposite throw side 132 operatively connected to left throw
rod 134. Pivot member 130 is operably mounted for rotation
about its central mounting location 136. Throw side 132 of
pivotmember 130 is operatively connected through throw rod
134 which is connected to the first bracket 170. The foregoing
pivot member 130 and throw rod also form part of the first
linkage 120.

Somewhat similarly, right control rod 126 is operatively
connected to the drive side 137 of a centrally mounted pivot
member 138 that has an opposite throw side 140 operatively
connected to right throw rod 142. Pivot member 138 is oper-
ably mounted for rotation about its central mounting location
144. Throw side 140 of pivot member 138 is operatively
connected through throw rod 142 which is connected to the
second bracket 174. The foregoing pivot member 138 and
throw rod 142 form part of the second linkage 124.

Well known pin connections, which may employ pin and
locking pieces, such as clevis and cotter pins and the like, as
well as any other constructions whose uses would achieve the
intended result, can be utilized to operatively connect the
various drive and throw rods to the pivot members and pivot
link members to permit the proper operation of the linkages,
which operations will be further addressed hereinafter.
Depending upon the desires of manufacturers or users, pin
connections of numerous types and variations could be
equally as well employed to achieve the intended results.

Preferably, many of such noted linkage components, like
control actuator 106, are mounted external to the grain tank
12 to provide ready access thereto, even when the grain tank
12 is filled, in the event of problems or the need for servicing.
In such regard, it would be relatively easy to then disconnect
the wiring connections from the linear actuator or to discon-
nect the control rods 122, 126 from the drive sides 128 and
137 of respective pivot members 130 and 138 to permit the
manual opening or closing of the left and right extension
panels 42 and 44.
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Pivot member 138, associated with right control rod 126, is
further operatively connected at its central mounting location
144 to the front/rear torque rod assembly 108 having a torque
tube 109, best shown in FIGS. 6 and 14, that extends generally
through at least a portion of the grain tank 12 from beyond the
rear thereof towards the front of the grain tank 12 to a mount-
ing fixture, such as the mounting fixture 146. As best shown in
FIGS. 6 and 14, third and fourth linkages 148 and 150 are
fixedly mounted at locations along the extent of the torque rod
assembly 108 to extend outwardly therefrom and to be rotat-
able therewith about axis of rotation 152 (FIG. 6). First ends
of throw rods 154 and 156 are operatively connected, respec-
tively, to linkage extensions 158 and 160, and the opposite
ends of such throw rods 154 and 156 are operatively con-
nected to respective joinder constructions 162 associated with
pins 116 (FIG. 14) through U-brackets 110 of front and rear
extension panels 32 and 38.

As has been noted previously, pin connections of various
types and configurations can be utilized for effecting opera-
tive connections between the various components. Similarly,
numerous types and configurations of well known joinder
constructions can be readily utilized with the throw rods 154
and 160 and pins 116 to achieve the desired operations and
results.

Also associated with the torque rod assembly 108 is a
further bubbler linkage extension 166 (FIG. 6) fixedly
mounted along the extent of such the torque tube 109 to
extend outwardly therefrom and to be rotatable therewith
about axis of rotation 152. Bubbler lift rod or cable 168
operatively joins bubbler linkage extension 166 to bubbler
auger 80, such as in a slide and catch arrangement, which
arrangement allows some rotation of the torque tube 109 and
bubbler linkage extension 166 without any consequent move-
ment of the bubbler auger 80, followed by a lifting of the
bubbler auger 80 to an inclined position after sufficient rota-
tion has been achieved that lift rod or cable 168 is in a catch
position relative to the bubbler linkage extension 166 and
bubbler auger 80. In sum, the linkage extension 166 moves
between first and second positions for raising and lowering
the bubbler auger 80 concurrently with the torque tube 109
pivoting to move the third and fourth grain tank extensions
between the folded position and the unfolded position.

The ordered unfolding of extension 30 is best understood
by initial reference to FIGS. 4, 5A and 5B, which depict the
extension 30 in its folded position, through, in sequence,
FIGS. 4, 8, 9, 10 and 11, which depict the extension 30 at
various points in its unfolding operation, to FIG. 12, which
depicts extension 30 in its fully unfolded position. As has
previously been noted, such unfolding occurs in sequence
using the linkages of the conversion kit 100 operating within
their desired geometries to provide proper weight and balance
of the overall construction. When linear actuator 106 is actu-
ated, such actuation causes control rods 122 and 126 to both
seek to retract. However, the force required to begin opening
or unfolding left extension panel 42 is less than the force
required to begin the simultaneous opening of the right, front,
and rear extension panels 44, 32 and 38. Consequently, as
linear actuator 106 operates, as shown in FIG. 8, retraction of
right control rod 126 causes left control rod 122 to be moved
to effect opening of the left extension panel 42 until left
extension panel 42 reaches its stop position, as shown in FIG.
9.

Thereafter, as control rod 126 continues to retract, the
movement of control rod 126 effects a rotation of pivot mem-
ber 138 about its central pivot point 144 to move throw rod
142 to cause the torque tube 109 and right extension panel 44
to be rotated towards the unfolded position of such right
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extension panel 44. As this is occurring, the rotation of pivot
member 138 also effects rotation of the torque tube 109 (FIG.
6) and the rotation of the linkage extensions 158, 160 and
bubbler linkage extension 166. Such rotation of linkage
extensions 158, 160 effects movement of throw rods 154, 156
to act against front and rear extension panels 32, 38 to cause
them to begin to simultaneously unfold. As such actions are
occurring, the rotation of bubbler linkage extension 166
causes bubbler lift rod or cable 168 to move to its catch
position and to effect the subsequent lifting of the bubbler
auger towards an inclined position. FIG. 11 depicts the exten-
sion 30 in a partially unfolded position, with left extension
panel 42 in its unfolded position, with right, front, and rear
extension panels 44, 32 and 38 partially unfolded, and with
bubbler auger 80 partially elevated.

The conversion kit 100 is preferably designed and so bal-
anced that the right, front, and rear extension panels 44, 32
and 38 all complete their respective movements to unfolded
positions at about the same time and that elevation of the
bubbler auger 80 is likewise completed at about the same
time. FIG. 12 depicts extension 30 in its fully unfolded posi-
tion.

In general, extension 30 is designed and configured such
that, when extension 30 is in its unfolded position, the weight
of the bubbler auger counterbalances the weight of the right,
front and rear extension panels 44, 32 and 38 so that such
right, front, and rear extension panels 44, 32 and 38 will be
more immediately lowered than the left extension panel 42
upon an actuation of the linear actuator 106 to fold extension
30. Upon such an actuation of linear actuator 106, as control
rod 126 extends, control rods 122 and 126 thus move in the
opposite order from the movement of such control rods dur-
ing unfolding, resulting in an initial lowering of the bubbler
auger 80 towards its nominal or stored position and the fold-
ing of the front, rear, and right extension panels 32, 38 and 44,
with such lowering of the bubbler auger 80 to its nominal or
stored position typically being completed first, followed by
the completed folding of the front and rear extension panels
32 and 38 at about the same time and the slightly later comple-
tion of the folding of the right extension panel 44. When
folding of the right extension panel 44 has been completed,
sufficient force is then available to effect the necessary move-
ment of control rod 122 to effect the folding of the left exten-
sion panel 42.

Because of such sequential, ordered unfolding and folding
of extension 30, the maximum force capacity of the linear
actuator can be reduced from the capacity that would be
otherwise required if all the extension panels were to be
unfolded or folded simultaneously. With the system described
hereinabove, the maximum load on the linear actuator 106
occurs when the unfolding operation is initiated and the link-
age system is attempting to lift the extension panels from their
generally horizontal positions over the upwardly facing open-
ing 26 of the grain tank 12.

As has been previously noted hereinabove, the left and
right extension panels may be configured to partially overlap
(not shown) one another and to matably engage with one
another as they are moved to their folded positions. Such
configuration of partial overlap is disclosed in U.S. Pat. No.
7,585,214, the entire disclosure of which is hereby incorpo-
rated by reference herein.

Although not required, flexible gaskets could, ifdesired, be
employed at points of engagement of the extension panels to
better seal the folded extension 30 against the penetration of
rain or foreign materials at the points of engagement.

Referring back to FI1G. 5B, the first bracket assembly 102 is
configured as shown. The first bracket assembly 102 includes
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the first bracket 170 configured as a substantially planar or flat
bracket and includes a first end 170a and a second end 1705
opposite the second end. Preferably, the first bracket 170 is a
configured as a planar quadrilateral bracket or a planar trap-
ezoidal bracket. More preferably, the substantially planar
quadrilateral bracket tapers towards the second end 1705, that
is, the substantially planar quadrilateral bracket narrows as it
extends from the first end 170a towards the second end 1705.

The first end 1704 has a larger width than a width of the
second end 1705. Preferably, the first end 170q has a width
that is at least twice as large as the width of the second end
17054. Further, the width of the first end 170a extends across a
face of the extension 42 a length greater then 50% of a height
of the extension 42 and more preferably about a length of
about 75% of the height of the extension 42.

A rib 172 extends along a longitudinal length of the first
bracket 170 from the first end 1704 to the second end 1705.
Preferably, the first bracket 170 includes a plurality of spaced
apart ribs 172 that are spaced apart in a fan-like fashion and
more preferably, three spaced apart ribs 172.

The rib 172 can be a concave, a convex, or a V-shaped rib,
or a hollow rib having a square, rectangle or triangular shaped
cross-section. The rib 172 can also be fixedly attached to the
first bracket 170 or integrally formed with the first bracket
170. Preferably, the rib 172 is a parallel-piped rib having a
square cross-section that is closed on both ends and open in
the middle or throughout its length.

The overall size, shape and configuration of the first
bracket 170 advantageously allows for the overall conversion
kit to adequately provide a means to support and lift the
weight of the extension 42. That is, the combination of the
planar shape and ribs 172 of the first bracket 170 provides the
necessary strength to the bracket to support the operation of
lifting the extension 42. The second bracket 174 is a mirror
image of the first bracket 170 and configured the same as
described above for the first bracket 170.

Itwill be appreciated by those skilled in the art that changes
could be made to the embodiment described above without
departing from the broad inventive concept thereof. It is to be
understood, therefore, that this invention is not limited to the
particular embodiment disclosed, but it is intended to cover
modifications within the spirit and scope of the present inven-
tion as defined by the appended claims.

We claim:

1. A conversion kit for automating a foldable and un-
foldable grain tank extension for an agricultural combine
comprising:

a first bracket assembly for attaching to a first grain tank
extension, the first bracket assembly including a first
bracket having a major surface for securing to a major
surface of the first grain tank extension;

a second bracket assembly for attaching to a second grain
tank extension, the second bracket assembly including a
second bracket having a major surface for securing to a
major surface of the second grain tank extension;

a control actuator extending between and operatively con-
nected to the first and second bracket assemblies for
moving the first and second brackets between a folded
position and an unfolded position; and

atorque rod assembly extending between and connected to
third and fourth grain tank extensions, wherein the
torque rod assembly includes a torque tube connected to
the control actuator about a pivot member and extending
between the third and fourth grain tank extensions.

2. The conversion kit of claim 1, wherein the first bracket

assembly further comprises a first linkage for connecting the
first elongated bracket to the control actuator, and wherein the
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second bracket assembly further comprises a second linkage
for connecting the second elongated bracket to the control
actuator.

3. The conversion kit of claim 1, wherein the control actua-
tor is configured to move between a retracted position and an
extended position, wherein in moving from the extended
position to the retracted position the first and second grain
tank extension move from the folded position to the unfolded
position.

4. The conversion kit of claim 1, wherein the torque rod
assembly further comprises a third linkage for connecting to
the third grain tank extension and a fourth linkage for con-
necting to a fourth grain tank extension.

5. The conversion kit of claim 1, wherein the first and
second brackets are each configured as a substantially planar
quadrilateral bracket having a first end connectable to the first
grain tank extension and a second end operatively connected
to the control actuator.

6. The conversion kit of claim 5, wherein the first and
second brackets each include at least one rib extending from
the first end to the second end of the substantially planar
quadrilateral bracket.

7. The conversion kit of claim 5, wherein the first end has
a larger width than a width of the second end.

8. The conversion kit of claim 5, wherein the first end has
a width dimension at least twice a width dimension of the
second end.

9. The conversion kit of claim 5, wherein the substantially
planar quadrilateral bracket tapers towards the second end.

10. The conversion kit of claim 5, wherein the substantially
planar quadrilateral bracket is configured as a substantially
trapezoidal planar bracket.

11. The conversion kit of claim 1, wherein the torque rod
assembly further includes linkage extension extending from
the torque tube for attaching to a bubbler auger of the agri-
cultural combine, wherein the linkage extension moves
between first and second positions concurrently with the
torque tube pivoting to move the third and fourth grain tank
extensions between the folded position and the unfolded posi-
tion.

12. A conversion kit for automating a foldable and unfold-
able grain tank extension for an agricultural combine com-
prising:

a first bracket assembly for attaching to a first grain tank

extension, the first bracket assembly including:

a first planar trapezoidal-shaped bracket for securing to
the first grain tank extension, and

a first linkage for linking to the first bracket;

a second bracket assembly for attaching to a second grain
tank extension, the second bracket assembly including:
a second planar quadrilateral-shaped bracket for secur-

ing to the second grain tank extension, and
a second linkage for linking to the second bracket;

a control actuator extending between and operatively con-
nected to the first and second linkages for moving the
first and second brackets between a folded position and
an unfolded position; and

a torque rod assembly operatively connected to third and
fourth grain tank extensions and the control actuator,
wherein the torque rod assembly includes:

a torque tube extending between the third and fourth
grain tank extensions, and

third and fourth linkages for linking the torque tube to
the third and fourth grain tank extensions, wherein the
torque tube is rotatable to pivotally move the third and
fourth grain tank extensions between a folded posi-
tion and an unfolded position.
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13. The conversion kit of claim 12, wherein the first bracket
has a first end connectable to the first grain tank extension and
a second end connected to the first linkage, and wherein the
second bracket has a first end connectable to the second grain
tank extension and a second end connected to the second
linkage.

14. The conversion kit of claim 13, wherein the first and
second brackets each include at least one rib extending from
the first end to the second end.

15. The conversion kit of claim 13, wherein the first end has
a larger width than a width of the second end.

16. The conversion kit of claim 13, wherein the first end has
a width dimension at least twice a width dimension of the
second end.

17. The conversion kit of claim 13, wherein the planar
quadrilateral-shaped bracket tapers towards the second end.

18. An automated un-foldable and foldable extension for
increasing the grain holding capacity of a grain tank of an
agricultural combine comprising:

a plurality of extension panels mounted for pivotal move-

ment about the grain tank;

a first bracket assembly for attaching to a first extension

panel, the first bracket assembly including:

a first fan-shaped bracket having a plurality of ribs
spaced apart ina fan-like configuration for securing to
the first extension panel, and

a first linkage for linking to the first fan-shaped bracket;

a second bracket assembly for attaching to a second exten-

sion panel, the second bracket assembly including:
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a second bracket for securing to the second extension
panel, and
a second linkage for linking to the second bracket;

a control actuator extending between and operatively con-
nected to the first and second linkages for moving the
first and second brackets between a folded position and
an unfolded position; and

a torque rod assembly operatively connected to third and
fourth extension panels and the control actuator,
wherein the torque rod assembly includes:

a torque tube extending between the third and fourth
extension panels, and

third and fourth linkages for linking the torque tube to
the third and fourth extension panels, wherein the
torque tube is rotatable to pivotally move the third and
fourth extension panels between a folded position and
an unfolded position.

19. The automated un-foldable and foldable extension of
claim 18, wherein the first fan-shaped bracket has a first end
connectable to the first extension panel and a second end
connected to the first linkage, and wherein the second bracket
has a first end connectable to the second extension panel and
a second end connected to the second linkage.

20. The automated un-foldable and foldable extension of
claim 19, wherein each of the plurality of ribs extends from
the first end to the second end of the fan-shaped bracket.

21. The automated un-foldable and foldable extension of
claim 19, wherein the first end has a width dimension at least
twice a width dimension of the second end.
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